Absorptive corrections to scattering and production in a family of explicitly unitary models is studied. We find that in a particular model in which quantum number constraints are ignored, all the results concerning absorptive corrections found in the Reggeon calculus model of Abramovskii, Kancheli, and Gribov are reproduced. In extended models, however, the effects due to quantum numbers and/or alternative unitarization schemes are shown to have a significant effect on the form of absorptive corrections. In particular, explicitly unitary models are given in which (i) the absorptive corrections enhance all cross sections, and (ii) isospin is introduced in a simple way and is found to produce quite different counting rules from that assumed in the Reggeon calculus. It is shown that the internal quantum number structure of the Pomeron affects the amount of absorption in inclusive cross sections and hence can be experimentally studied.
I. INTRODUCTION
During the past few years there has been considerable interest in absorptive corrections to both inclusive and exclusive cross sections; in particular, c l-7 the question of their sign relative to the Born term.
A popular approach has been the use of models based on field theory (in particular weak coupling h$3 perturbation theory). These models suggest that the absorptive corrections to the single particle inclusive cross section cancel out when the trigger particle is in the central,region, I,3 and that the leading absorptive correction to the elastic amplitude, the two Pomeron cut, contributes negatively to the total cross section via the optical theorem. 1,697 In this paper we introduce a family of models based on the models of Auerbach, Aviv, Sugar and Blankenbecler. 899
These are constructed so that the S-matrix explicitly satisfies the unitarity condition S'S = 1. They will be used to check if the results stated above, or indeed if any of the recipes for calculating absorptive corrections suggested in Refs.
l-7, can be said to be a consequence of unitarity.
Abramovskii, Kancheli and Gribov, 1 hereafter known as AKG, first showed that in a Reggeon calculus model the absorptive corrections to the single particle inclusive cross section in the central region cancelled out, so that this cross section was given by the Mueller diagram of Fig. 1 . Interest in absorptive corrections to inclusive cross sections was stimulated when Einhorn and Savit 10 showed that the colored quark parton model, together with the Drell-Yan formulaI1 was incompatible with the BNL data 12 for inclusive lepton pair production in hadronic collisions, the calculated cross section being much smaller than the observed one. 13 The inclusive cross section, using the Drell-Yan model, is
given by the M2 discontinuity of the Mueller diagram of in field theory models by Cardy and Winbow and DeTar, Ellis and Landshoff. 4
Investigations of the two Pomeron contribution to the elastic amplitude in field theoretical models 136 have shown that in these models the contribution is negative. Moreover using the unitarity sum to evaluate the two Pomeron contribution it is found that three kinds of contribution are important, those in which no Pomeron is cut (Fig. 3a) , those in which one Pomeron is cut (Fig. 3b) , and those in which both Pomerons are cut (Fig. 3~ ). In these field theoretical models the relative magnitudes of these contributions are (1, -4, +2) which clearly add up to be negative. In the AKG model' analogous counting rules can be easily calculated for the exchange of an arbitrary number of Pomerons.
In this paper we study absorptive corrections to the elastic amplitude, the single particle inclusive cross section and exclusive amplitude in a family of unitary models of production, based on the model of Auerbach, Aviv, Sugar and
Blankenbecler . 8,9 These models have the advantage over the Reggeon calculus model and the Regge eikonal model in that they naturally include a detailed description of production channels. The unitary model introduced in Refs. 8,9
is found to be equivalent to the model of AKG in the sense that all the prescriptions for calculating absorptive corrections are the same in both models. We find however that simple modifications to the AASB model, still preserving the unitarity of the S-matrix, drastically change these prescriptions.
The plan of the paper is as follows.
In Section II we review briefly the model of Auerbach, Aviv, Sugar and Blankenbecler 899 and show that in this model the absorptive corrections to the inclusive cross section indeed cancel as was shown in the original papers, that the elastic amplitude is given by the usual Regge-eikonal formula, and that the exclusive amplitude for the production of one particle is given by the elastic S-matrix element multiplied by the Regge '.
Born amplitude in accordance with usual ideas. In order to facilitate comparison with field theory models, we will restrict our discussion to ladder diagrams only, checkerboard diagrams involving interactions between three or more exchanges are neglected. In Section III we show that the counting rules of AKG'
for the elastic amplitude can be exactly reproduced in this model. In Section IV we present various modifications to the AASB model, and find that each modification changes the counting rules for the elastic and production amplitudes and also the inclusive cross section. In Section V we present an extreme family of models, each of which is explicitly unitary, in which not only is the two Pomeron cut positive, but the exclusive production amplitude is also enhanced by absorptive corrections. Finally in Section VI we present our conclusions. [ a(gAa+($y 3 = 2(27r))" 6(q-q') S(y-y')
Wn is a c-number function of the kinematic variables. Substituting (2.Jl) into (2.6) we obtain the result
Hence we see that the single particle inclusive cross section is determined fully by Mueller diagrams with only two chains (i. e. , one ladder) exchanged (see 
The amplitude for the ladder diagram is then given by
We now calculate the contribution to the elastic amplitude due to the exchange of n ladders, we denote this by %In. The full contribution from the exchange of which is the usual Regge eikonal formula. 16 Unlike the Regge eikonal model however, the present model contains production channels naturally built in.
Eikonalization of ladder exchange diagrams in I@3 perturbation theory has been discussed in Ref.
15.
An alternative derivation of the above result follows from using a coherent state representation which diagonalizes the hermitian operator Z and only allows ladder diagrams to contribute. The meson vacuum expectation value of Z 2n is
given by iOIZ2n10, = O3 / dZ e-Z2/4Az2n --oo z = f?$A" . (2.19) which agrees with the previous result. This technique will prove very useful below, particularly when we introduce isospin into the model in Section 4. Now, the amplitudes for the exclusive production of a single pion will be computed. We still restrict the absorption to ladder exchanges. Defining G(l) to be the single particle exclusive amplitude where the absorptive corrections are restricted to be ladder exchanges, we find If the term 2R is small, ,oin agrees with the result of Drell-Yan. Since R contains a form factor coupling of the virtual photon to two Reggeons, it should indeed be small for large mass production. Note again that inclusive production is not absorbed but the exclusive production amplitude has an explicit factor of <OISlO> .
We . . .
Thus we see that the counting is the same in both models.
We end this section by calculating explicitly some lower order diagrams to see how the (1, -4, +2) counting in the two ladder exchange contribution to the elastic amplitude and the cancellation of absorptive corrections in the inclusive cross section arises.
For simplicity we take a model in which only a single meson can be created or destroyed off each chain, i. e., WI is as defined in Eq. (2.5), Wi=O for iL2. The three types of contribution to the unitarity sum for the two ladder elastic amplitude are shown in Fig. 9 .
The contribution in which no ladder is cut (Fig. 9a ) is proportional to $ x kg (<olz210>)2 =+ (<olz210>)2 . = A2 Thus we arrive at the (1, -4,+2) counting mentioned above.
The cancellation in the inclusive cross section is now straightforward to see. To order A2, there are only two types of terms which contribute, those <.
of Fig. 9b and 9c. However both diagrams of the type shown in Fig. 9c contribute twice to the inclusive cross section since either of the two mesons could be the trigger particle.
Hence the total contribution of order A2 to the inclusive cross section is proportional to -4A2 + 2. 2A2 = 0 (3.9)
demonstrating the cancellation.
IV. EXTENDED MODELS
Let us now generalize the previous model in order to study the effects of the isospin of the produced particles, alternative unitary prescriptions, and possible excited states of the projectile.
A. Isospin Example
Consider a model in which in addition to the purely isoscalar chain, producing isoscalar mesons, there is a chain which can emit a particle with unit isospin called a pion which can be emitted along with an arbitrary number of I=0 mesons such as illustrated in Fig. 10 The resultant cross section for the production of only one pion will be proportional to the square of the integral of this quantity over impact space. Note that the absorption factors are not related to the elastic S-matrix:
<Ol aj,S IO>+ -2hR.iTj<OISIO> .
[ 1 (J-9)
The inclusive production cross section of neutral pions is given by the It should be noted that the absorption due to A has cancelled but not that due to
Al. The result for charged pions is similar:
where +1 (1-e-4AljJ 4i (4.11) (4. lla)
Note that in the limit Al --LOO , G -0, F -l/3 and pFn = p% . It is clear that these inclusive cross sections are still shadowed because of the isospin structure of the production matrix element. The commutation properties of the isospin operators of the leading particles change the counting and the absorption no longer cancels.
In the opposite limit, AI -0, F=G= 1, and the result is the expected
Mueller-Regge limit with R as shown in Fig. 11 .
B. K-Matrix
It has been pointed out by R. Sugar 18 that the absorption does not cancel in the single particle inclusive cross section, for the K-matrix form for satisfying unitarity. To see this, write s= (1 +iz)(1 -;zy (4.12) and the elastic"matrix element can then be written as < 0 IS I O> = 1 + 2 2 (-l)n y ($)n = 1 /m dx e-X2(I-Ax2)(I+Ax2)-1. (4.13) n=l . J T-00
The particle production operator is If one cuts off the finite G matrix at any point, g(n) still equals n! until n exceeds the value of the last diagonal element of G. A choice with better convergence properties is to set G2 = Go so that g(n) = (n/2)! .
Using our previous results, the general elastic S-matrix element is <oIsllIo> = # A" fm-0 .
(4.22)
A similar result holds for the exclusive production amplitude. By choosing different forms for G, the nature of the convergence of this series can be changed at will from exponential (G=l), to geometric (G2=Go), to superficially divergent ( G=Go ) , for example. and only if a=0 is the coefficient of the Born term 4g2A2 equal to ~0 IS I 0>2, as would be expected in simple absorption models. Note that the inclusive cross section is proportional to A whereas the exclusive one is proportional to A2 as would be expected in a fully Reggeized theory.
Let us now examine these quantities only to the order of two Pomeron
exchange. An expansion of the above results yields l-<OISIO> = P -+ P2 u,(a) (5.8a)
where P = ~<OlZ210>. These formulas, which hold in this explicitly unitary theory, have several interesting and surprising properties. Note that pin is absorbed in general. However, if a<O, the absorption actually enhances the inclusive cross section. Similarly, if u,(a) is negative, the two Pomeron cut in the elastic cross section is positive, also an enhancement. This will occur for sufficiently small a, a < -16 -l/3 N -0.40. Finally, if u,(a) is negative, exclusive production is enhanced as well, and this occurs if a < -4 -l/3 tx -0.63.
We reiterate that this unexpected behavior is true in an explicitly unitary theory and hence the sign of absorption effects cannot be said to follow from s-channel unitarity alone. However, it should be noted that this type of unitary S-matrix cannot arise from the Lippman-Schwinger or Bethe-Salpeter type of equation used as starting points in the proof of the negative sign for diffractive effects near threshold.
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VI. CONCLUSION
The simple models that were discussed above can only be used to suggest possible behavior in more complicated and physically realistic situations. They should be used to increase one's physical intuition'and hence to aid in constructing more sensible theories. A few salient points should be stressed which were gleaned from studying the above examples:
(1) The exponential operator form of the S-matrix is a very convenient approach to use in formulating the Reggeon-calculus of AKG and the Reggeeikonal model. It is especially useful in those cases in which s-channel unitarity must be implemented. It may prove to be more basic than Reggeon calculus in the sense that details of the inelastic states can be built into the form of Z which are lost or hidden when only Reggeons are considered.
(2) However, t-channel unitarity is not guaranteed by the model but it can be enforced to any desired order by appropriately modifying the choice of Z to contain the appropriate nonplanar graphs and rapidity gaps. (6) These models point out the importance of measurements that study ab-^ sorption effects in elastic, and in inclusive and exclusive production processes.
It is possible that one can learn about the basic nature of the Pomeron (such as its isospin content) from detailed studies of the momentum transfer and transverse momentum dependence of these processes.
We find it very surprising that two models, one constructed to satisfy schannel unitarity (that of AASB 8 ' ') and the other satisfying t-channel unitarity (that of AKG') should give identical prescriptions for unitarity corrections.
However, even if these counting rules should be correct in the case of no quantum numbers, it is clear, from the discussion in Section IV, that they may be altered by the presence of internal symmetries or excited states. The models presented in Sections IV and V demonstrate that s-channel unitarity alone does not place any relevant constraints on the magnitude or sign of absorptive corrections.
Clearly, before the properties of the models reviewed in the introduction can be safely assumed to be general, much more ambitious models must be examined. 
